Characterization of Iron Metal Corrosion in Liquid Smoke Coagulant  by Vachlepi, Afrizal & Suwardin, Didin
 Procedia Chemistry  16 ( 2015 )  420 – 426 
1876-6196 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Research Center for Chemistry, Indonesian Institute of Sciences
doi: 10.1016/j.proche.2015.12.073 
ScienceDirect
  BEE8FCBA7<A:4HG;BE08?
#4K

"@4<? 4I46;?8C<:@4<?6B@
&AG8EA4G<BA4?/L@CBF<H@BACC?<87 ;8@<FGEL&/ 
 "  	 
! 
! 
9E<M4?146;?8C< 4A7 !<7<A/HJ4E7<A
/8@54J4 .8F8E46; 8AG8E
 &A7BA8F<4A.H558E.8F84E6;&AFG<GHG8	 '?.4L4-4?8@54A:
8GHA: (@ -BBK -4?8@54A:
/BHG; /H@4G8E4	&A7BA8F<4
  
)4G8K 6B4:H?4AG <F BA8B9 <@CBEG4AG 946GBEF BAA4GHE4? EH558ECEB68FF<A:5864HF8 <GJ<?? 78G8E@<A8 G;8 DH4?<GL B9
EH558E 8A7CEB7H6GF,A8B9 G;8 6B4:H?4AGF G;4G CEB7H68 :BB7DH4?<GL A4GHE4? EH558E <F ?<DH<7 F@B>8 0;8HF8B9
?<DH<7F@B>8 4F6B4:H?4AG<FG;BH:;GGB 64HF8 6BEEBF<BA<A CEB68FF<A:8DH<C@8AG 6B@@BA?L @478B9 <EBABE FG88?
0;8 B5=86G<I8FB9G;<FFGH7LJ8E8GB<78AG<9L4A7 GB FGH7LG;86;4E46G8E<FG<6B9<EBA@8G4? 6BEEBF<BA <AG;8FB?HG<BAB9
?<DH<7 F@B>8 6B4:H?4AG0;8 GE84G@8AG B9 ?<DH<7 F@B>8 4F 6BEEBF<BA@87<4 6BAF<FG87B9 CHE8 ?<DH<7 F@B>8
 	  CHE8 ?<DH<7 F@B>8  	  ?<DH<7 F@B>8 9BE@H?4 # 4A7  ?<DH<7 F@B>8 9BE@H?4
# 0;8@8G;B7HF87 J4FJ8<:;G?BFF@8G;B7 J<G;G;8 C?4AA87<AG8EI4? G8FG0;8E8@BI4?B9 6BEEBF<BA CEB7H6GF
BA G;8@8G4?FC86<@8A J4F7BA85L C<6>?<A: @8G;B754F87BA /0* $
 0;8E8FH?GFF;BJ87 G;4G6BEEBF<BAE4G8
B9G;8?<DH<7F@B>84A7<GF9BE@H?4J4F4EBHA7
 @@C8EL84EF BEEBF<BAE8F<FG4A68B9<EBA@8G4?<A?<DH<7
F@B>86B4:H?4AGJ4F64G8:BE<M874F:BB7?8I8?0;<F4A4?LF<F<A7<64G87G;4G?<DH<7F@B>86B4:H?4AG4A7<GF9BE@H?4
;4F I8EL ?BJ 6BEEBF<I<GL ?8I8? 0;8 I<FH4?<M4G<BA J<G; K @4:A<9<64G<BA F;BJ87 G;4G G;8 6BEEBF<BA 4GG46> J4F
6?84E?L I<F<5?8 BAG;8<EBA@8G4?FHE9468
N  0;8HG;BEF-H5?<F;875L"?F8I<8E1
-88E
E8I<8JHA78EE8FCBAF<5<?<GLB9.8F84E6; 8AG8E9BE ;8@<FGEL	&A7BA8F<4A&AFG<GHG8B9/6<8A68F
"53+.!/?<DH<7F@B>8	<EBA @8G4? 4A76BEEBF<BA
 	 ! 
&AG;8CEB68FF<A: B9A4GHE4?EH558E	 BA8B9 G;8 <@CBEG4AGFG8CFG;4G 78G8E@<A8 G;8DH4?<GLB9 A4GHE4?EH558E <FG;8
6B4:H?4G<BA CEB68FF 0;8 HF8 B9 6B4:H?4AG J;<6; CEB7H68F :BB7 DH4?<GL EH558E <A 466BE74A68 FG4A74E7 /+&
+B
45BHG/G4A74E7&A7BA8F<4A.H558E @HFG5864EE<87BHG )<DH<7 F@B>8 <F BA8B9G;8 6B4:H?4AGF J;<6;
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Research Center for Chemistry, Indonesian Institute of Sciences
Available online at www.sciencedirect.com
 Afrizal Vachlepi and Didin Suwardin /  Procedia Chemistry  16 ( 2015 )  420 – 426 421
CEB7H68 :BB7DH4?<GL EH558E 0;8HG<?<M4G<BAB9 ?<DH<7F@B>84F46B4:H?4AG <FCE87<6G87 GB <A6E84F8<AG;89HGHE8
0;<F<A6E84F<A:GE8A7<FE8?4G87GB8F64?4G<A:B9F@4??;B?78EF4J4E8A8FFBAA4GHE4?EH558EDH4?<GL4A78AI<EB@8AG4?
<FFH8F
)<DH<7F@B>8<F45EBJA?<DH<7CEB7H6879EB@G;8CLEB?LF<FCEB68FFB9C4?@>8EA8?F;8??F0;84A4?LF<FF;BJ87
G;4GG;8?<DH<7F@B>86BAG4<AFGLC8F6;8@<64?4@BA:BG;8E64E5BAL?6B@CBHA7F	9HE4A	C;8AB?	6L6?BC8AG8A84A7
58AM8A8 J<G;G;8?4E:8FG6B@CBF<G<BA<AG;89BE@B9J4G8EG;4GE846;8F0;8?<DH<7F@B>8 ;4F C%4EBHA7

 &A 477<G<BA GB G;8 CHE8 ?<DH<7 F@B>8	 ABJ 4?FB ;4F 588A 78I8?BC87 9BE@H?4 54F87 ?<DH<7 F@B>8 >ABJA 4F
!8BEH5/HC8E&A<GF4CC?<64G<BA4F46B4:H?4AG9BEA4GHE4?EH558E?4G8K	CHE8?<DH<7F@B>8<F:8A8E4??LHF87<AG;8
9BE@B9FB?HG<BAJ<G;6BA68AGE4G<BAB94FE86B@@8A7875LG;8&A7BA8F<4A.H558E.8F84E6; &AFG<GHG8 4G47BF8
B9 @?C8E?<G8EB9?4G8K0;86B4:H?4G87A4GHE4?EH558EJ<G;?<DH<7F@B>84A79BE@H?4;4F4:BB7DH4?<GLG;4G
@88GF G;8DH4?<GLE8DH<E8@8AGFB9/+&+B
B9/G4A74E7&A7BA8F<4A.H558E/&.
0;8?<DH<7F@B>84A7<GF9BE@H?464A64HF86BEEBF<BABAA4GHE4?EH558ECEB68FF<A:8DH<C@8AGF	F<A68<G6BAG8AGF
J<G;  B9 J4G8E 4A7 46<7F  BEEBF<BA ;4F 4 @84A<A: 4F 786E84F8 <A G;8 DH4?<GL B9 G;8 @8G4? 7H8 GB 4A
8?86GEB6;8@<64?E846G<BAJ<G;<GF8AI<EBA@8AG!4@4:87H8GB6BEEBF<BA64A64HF8G;8?<98B9G;88DH<C@8AGGB58
F;BEG4A7@4L8I8AE8FH?G<AG;8C?4AGFGBCFBC8E4G<A:0;<F64A <A6E84F8 @4<AG8A4A686BFGF4A7BC8E4G<A:6BFGFB9
G;8C?4AG
.8F84E6;BA6BEEBF<BAE8FH?G<A:?<DH<7F@B>8;4FABG588A7BA8&A9BE@4G<BA45BHG6BEEBF<BA5L?<DH<7F@B>8BA
G;8 <EBA@8G4?@4G8E<4? <F A88787 8FC86<4??L 9BE G;8 ?<DH<7 F@B>8 946GBEL 4A7 A4GHE4? EH558ECEB68FF<A: <A7HFGEL
0;8E89BE8<G<FA868FF4ELGB 6BA7H6G 46B@CE8;8AF<I8FGH7LB96BEEBF<BA 6;4E46G8E<FG<6 B9<EBA@8G4?<A?<DH<7F@B>8
6B4:H?4AG 0;8 4<@F B9 G;<F FGH7L J8E8 GB <78AG<9L 4A7 FGH7L G;8 6BEEBF<BA 6;4E46G8E<FG<6 B9 <EBA @8G4?F <A G;8
FB?HG<BAB9?<DH<7F@B>86B4:H?4AG
 !
2 J8<:;G?BFF@:
! 78AF<GL:E4@6@
 FHE94684E846@
0 FB4><A:G<@8;BHE
   
0;<FE8F84E6;J4F 6BA7H6G87 4G-EB68FF<A:086;AB?B:L)45BE4GBELB9/8@54J4.8F84E6; 8AG8EBAH:HFG
GBCE<?0;8@4G8E<4?FHF876BAF<FGFB9<EBA@8G4?FC86<@8AJ<G;@84FHE<A:4CCEBK<@4G8?LK6@	CHE8
?<DH<7 F@B>8	 % ?	/5,	/A ?	 8G;4AB? 4A7 4DH478FG0;8 8DH<C@8AGFHF87 J8E8 "E?8A@8L8E	 I8EA<8E 64?<C8EF	
BI8A	 4A4?LG<64? F64?8	 4A7 45E4F<I8C4C8E+B)<DH<7 F@B>8 G;4GHF87 4F GE84G@8AGF 6BAF<FGF B9 6BA68AGE4G87
CHE8 ?<DH<7 F@B>8  	  FB?HG<BA B9 CHE8 ?<DH<7 F@B>8  	 6BA68AGE4G87 ?<DH<7 F@B>8 9BE@H?4
# 4A7  FB?HG<BA B9 ?<DH<7 F@B>8 9BE@H?4 # 0;8 ?<DH<7 F@B>8 4CC?<64G<BA <A G;8 9BE@ B9 
FB?HG<BA J4F E86B@@8A787 9BE 6B4:H?4G<BA CEB68FF B9 A4GHE4? EH558E ?4G8K 5L .H558E .8F84E6;  8AG8E 0;8
B5F8EI4G<BAC4E4@8G8EFB9G;<FE8F84E6;6BAF<FG87 B9J8<:;G?BFFC8E68AG4:8B9<EBA@8G4?	6BEEBF<BAE4G8	6BEEBF<BA
E8F<FG4A686E<G8E<4	 6BEEBF<I<GL 6;4A:8F 6E<G8E<44A7I<FH4?<M4G<BAB96BEEBF<BA4GG46>BAG;8<EBA@8G4?FHE9468
0;8E8F84E6;J4F FG4EG87 J<G;CE8C4E4G<BAB9<EBA@8G4? FC86<@8A4A7?<DH<7F@B>84F6BEEBF<BA@87<4"46;<EBA
@8G4?FC86<@8AJ4FFB4>87<A6BEEBF<BA@87<44FGE84G@8AGF BEEBF<BA4A4?LF<FB9 ?<DH<7F@B>8BAG;<FE8F84E6;
6BAF<FG87B96BEEBF<BA E4G88FG<@4G<BA4A778G8E@<A4G<BAB96BEEBF<BA E8F<FG4A686E<G8E<4 28<:;G ?BFF@8G;B7J4F
HF87<AG;<FE8F84E6;0;<F@8G;B78KC?4<A87B9C?4AA87<AG8EI4?G8FG#<:HE8 4F87BAG;8 C?4AA87 G8FG <AG8EI4?F	
G;8FB4><A:B9 @8G4? FC86<@8AF <A 6BEEBF<BA@87<4 <F 4CC?<87 9BE	 	 74LF 4A7 74LF E8
HF8 @87<H@HF87 <A
FB4><A: 74LF 0;8E8@BI4?B9 6BEEBF<BA CEB7H6GF BA G;8@8G4?FC86<@8A J4F7BA85L C<6>?<A: @8G;B754F87BA
/0* $

422   Afrizal Vachlepi and Didin Suwardin /  Procedia Chemistry  16 ( 2015 )  420 – 426 
#<:  -?4AA87<AG8EI4?G8FG
0;8I4E<4G<BAB9 FB4><A: G<@8 J4F HF87 GB 78G8E@<A8 G;8 6;4A:8F <A 6BEEBF<BA @87<4 ?<DH<7F@B>86B4:H?4AG
4A7 6BEEBF<BAE4G8 @@ C8E L84E 0;864?6H?4G<BAB9<EBA @8G4? 6BEEBF<BAHF87 466BE7<A:GB G;89B??BJ<A:8DH4G<BA
44
4
5".
))0"+..+/&+*. 	  
0;84A4?LF<F E8FH?GF B9 G;86BEEBF<BAE4G8 J8E8 G;8AHF87 GB78G8E@<A8G;86BEEBF<BAE8F<FG4A686E<G8E<44A7G;8
6E<G8E<4B96BEEBF<I<GL6;4A:8F GB G;88AI<EBA@8AG0;8E8?4G<I86BEEBF<BAE8F<FG4A68B9 <EBA@8G4? <A ?<DH<7F@B>8
6B4:H?4AG64A58F88A<A045?8  2;<?8G;86E<G8E<4B96BEEBF<I<GL6;4A:8FGBG;88AI<EBA@8AG4E8CE8F8AG87<A045?8

045?8  E<G8E<4B96BEEBF<BAE8F<FG4A68
.8?4G<I86BEEBF<BAE8F<FG4A684  BEEBF<BAE4G8@@L84E
10/0*!&*$ 	
4 "(("*0 	
	
++! 	
	
&. 	

++. 

*  ",0(" 
44F87BA G;8GLC8B9 <EBA 4A7 A<6>8? 4??BLF !8G8E@<A4G<BAB9 G;86BEEBF<BAE4G8 B9

 @@L84E <FHFH4??L GBB ?4E:8 9BE G;8@BE8 8KC8AF<I8 4??BLF	 J;<?8G;8 6BEEBF<BAE4G8
45BI8  @@L84E <FFB@8G<@8F 4668CG45?8 9BE 6;84C8E@4G8E<4?F 8D 64FG<EBA
 Afrizal Vachlepi and Didin Suwardin /  Procedia Chemistry  16 ( 2015 )  420 – 426 423
045?8  E<G8E<4B96BEEBF<I<GL6;4A:8EFBAG;88AI<EBA@8AG
 E<G8E<4 "AI<EBA@8AG6BEEBF<I<GL
 FG45?8
 <A6E84F8
 786E84F8
 ! !
	 "&$%0(+//,". "*0$"+#&.+*)"0(
0;8J8<:;G ?BFF C8E68AG4:8 B9 <EBA@8G4?F FB4>87<A I4E<BHF GLC8F 4A7 6BA68AGE4G<BAF B9 ?<DH<7F@B>8 4E8 F;BJA
<A#<:HE8 0;8 ?4E:8FGC8E68AG4:8B9J8<:;G ?BFF:8A8E4??LB66HEE87<A6BEEBF<BA@87<4B9 ?<DH<7F@B>8 9BE@H?4
8<G;8E<AG;89BE@B96BA68AGE4G87FB?HG<BA BE FB?HG<BA0;8J8<:;G?BFFB9<EBA@8G4?<AGE84G@8AG#J4F
4EBHA7 
 4A7# 4EBHA7
 0;8 C8E68AG4:8 B9 J8<:;G ?BFF <A G;8 GE84G@8AG B9 # 4A7
# J4F 5<::8EG;4A  4A7 0;8J8<:;G?BFFB9GE84G@8AG 4A7 J4F4EBHA7

4A7
	E8FC86G<I8?L&G@4L5864HF875L G;8C%B9#4A7#G;4GJ4F@BE846<7<6G;4ACHE8?<DH<7
F@B>8 0;8?<DH<7F@B>89BE@H?4 # 4A7 # ;4FC% B945BHG 
 5864HF8<G6BAG4<AF @BE8 64E5BKL?<6
46<7 6B@CBHA7 G;4A CHE8 ?<DH<7F@B>8 %<:;46<76BAG8AG<AG;8?<DH<7F@B>89BE@H?4 6BH?764HF86BEEBF<BACEB68FF
BA<EBA@8G4?F 4F <A7<64G875LJ8<:;G?BFFB9<EBA@8G4?7HE<A:FB4><A:
#<: 0;8J8<:;G?BFFC8E68AG4:8B9<EBA@8G4?FC86<@8A7HE<A:FB4><A:<AI4E<BHF6BEEBF<BA@87<4
	 +..+/&+*.0"&*(&-1&!/)+'"
0;864?6H?4G<BA E8FH?G B9<EBA@8G4?6BEEBF<BAE4G8 <A I4E<BHF 6BEEBF<BA@87<4 HF<A: 8DH4G<BA  64A58F88A<A
#<:HE8  0;8E8FH?GFF;BJ87 G;4G6BEEBF<BA E4G8B9G;8?<DH<7F@B>84A7G;8 9BE@H?4J4F4EBHA7
@@C8E
L84EF0;85<::8FG6BEEBF<BAE4G8B66HEE87BA <EBA@8G4?F G;4GJ8E8FB4>87 <A G;8FB?HG<BA#4A7# 0;8
6BEEBF<BAE4G8F B95BG; GE84G@8AGF J8E8  4A7  @@ C8E L84E	E8FC86G<I8?L
 BEEBF<BAE4G864HF875L#4A7#J4F;<:;8EG;4CHE8?<DH<7F@B>8 4A7 5864HF8G;8L
;4I8 @BE8 64E5BKL?<6 46<7 6B@CBHA7F 0;8 8K<FG8A68 B9 G;8F8 64E5BKL?<6 46<7 6B@CBHA7F 6BAGE<5HG8F GB G;8
424   Afrizal Vachlepi and Didin Suwardin /  Procedia Chemistry  16 ( 2015 )  420 – 426 
6BA68AGE4G<BA B9% <BAF<AG;8 GE84G@8AG # 4A7 # 0;8 ;<:;8E 6BA68AGE4G<BAB9 % <BAF @BE846<7<664HF8
G;8 E846G<BA G4>8F C?468 @BE8 DH<6>?L  BAI8EF8?L G;8 ?BJ8E 6BA68AGE4G<BA B9 % <BAF @BE8 4?>4?<A8 64HF8 G;8
E846G<BAG4>8FC?468 @BE8F?BJ?L &EBA@8G4? J4FABG EHFGL 4GC%  0;88?86GEB6;8@<64?CEB68FFBAG;8 6BEEBF<BA
CEB68FF <AIB?I8 G;8 8?86GEBAF GE4AF98E	 5BG; B9 G;8@8G4? <BA E87H6G<BA BE @8G4? 78CBF<G<BA 9EB@ G;8 FHEEBHA7<A:
8AI<EBA@8AG FH6;4F 46<7<68AI<EBA@8AG	4<E	78J	 F84J4G8E	 ?4>8J4G8E 4A7E<I8EJ4G8E
#<: 0;86BEEBF<BAE4G8B9<EBA@8G4?7HE<A:FB4><A:<AI4E<BHF6BEEBF<BA@87<4
0;86BEEBF<BAE4G8B9<EBA@8G4?4EBHA7GB@@C8EL84EF 6BH?7586BAF<78E87:BB7?8I8?0;8GE84G@8AG
B96BA68AGE4G87FB?HG<BA 4A7#J4F6?4FF<9<87<A8K68??8AG ?8I8? 9BE <EBA@8G4? 045?82;<?8 G;8
 FB?HG<BA B9 ?<DH<7 F@B>8 6B4:H?4AG 4A7 <GF 9BE@H?4 =HFG 6BAF<78E87 :BB7 ?8I8? 0;<F 4A4?LF<F <A7<64G87 G;4G
?<DH<7F@B>86B4:H?4AG4A7G;8 9BE@H?4;4FI8EL?BJ6BEEBF<I<GL?8I8?&G@4L58B66HEE87 5864HF8 B9 ?<DH<7F@B>8
J4F CEB7H687HF<A:BE:4A<6@4G8E<4? FH6;4FC4?@>8EA8?F;8??F G;EBH:; G;8CLEB?LF<FCEB68FF4G4 G8@C8E4GHE8B9

O ,E:4A<6@4G8E<4? 7B8FAQG G8A764HF86BEEBF<BABA@8G4?
045?8  BEEBF<BAE8F<FG4A686E<G8E<4B9<EBA@8G4?<AI4E<BHFGE84G@8AG
0E84G@8AGF  BEEBF<BAE4G8 @@L84E  BEEBF<BAE8F<FG4A686E<G8E<4
  	 P 	 $BB7 P 8K68??8AG
  	 P 	 $BB7
# 	 P 	 $BB7 P 8K68??8AG
# 	 P 	 $BB7
		 .&0".&+# +..+/&+* %*$"/+*"*2&.+)"*0
0;8 @8G4? 6BEEBF<BA E4G8 7HE<A: FB4><A: <A G;8 6BEEBF<BA @87<4 FB?HG<BA 6BH?7 8<G;8E <A6E84F8 BE 786E84F8
 BEEBF<I<GL 6;4A:8F6E<G8E<4 B9?<DH<7F@B>86B4:H?4AG4A7 <GF 9BE@H?49BE<EBA@8G4?F64A58F88A<A045?8 0;8
6BEEBF<I<GL6E<G8E<4 B9 4A7# GE84G@8AGF J8E8 64G8:BE<M874F <A6E84F870;8<A6E84F<A:B96BEEBF<BAE4G8
J4F G;BH:;G64HF8 5L G;8;<:;6BAG8AGB9 G;8 6BEEBF<I8 46G<I86B@CBHA7F <A G;8 4A7#FH6;4F46<7
6B@CBHA7&AG;8 6BEEBF<BA CEB68FFB9@8G4?	46<76B@CBHA7FJ<??58GE4AF9BE@87<AGB46<7@B?86H?8FG;4GC?4L4
 Afrizal Vachlepi and Didin Suwardin /  Procedia Chemistry  16 ( 2015 )  420 – 426 425
EB?8 <A G;8 BKL:8A E87H6G<BA 0;8 @4<A 64HF8 B9 6BEEBF<BA BA <EBA @8G4?F J4F G;8 BKL:8A E87H6G<BA <A 46<7
@B?86H?8
 BEEBF<I<GL B9   4A7 # GE84G@8AG 786E84F87 BA G;8 <EBA @8G4? 0;8 6BEEBF<BA E4G8 586B@8 F@4??8E
786E84F87 J;<6;@4L 58 64HF87 5L G;8 9BE@4G<BA B9 4 ?4E:8 C4FF<I8 ?4L8E BA G;8@8G4? FHE9468 -4FF<I8 ?4L8E
9BE@87 BA G;8@8G4? FHE9468J<?? CE8I8AG G;8 8AGEL B9 6BEEBF<I8 <BAF GB G;8@8G4?@B?86H?8 FB G;4G G;8 6BEEBF<BA
CEB68FF J4F<A;<5<G87
045?8  E<G8E<4B96BEEBF<I<GL6;4A:8F<AI4E<BHFGE84G@8AGF
0E84G@8AGF
 BEEBF<BAE4G8 @@L84E
 BEEBF<I<GL6;4A:8F&A<4G<4?6BEEBF<BA@87<4

"A76BEEBF<B4A@87<4

  	 	 &A6E84F8
  	 	 !86E84F8
# 	 	 &A6E84F8
# 	 	 !86E84F8
	
 +..+/&+* 2&/1(&60&+*
 BEEBF<BA4GG46>J;<6;B66HEE87BA<EBA@8G4?F<AG;8?<DH<7F@B>86B4:H?4AG 4A7 <GF 9BE@H?4 J8E8 F;BJA
<A #<:HE8  4A7 #<:HE8  0;8 I<FH4?<M4G<BA B9 <EBA@8G4? FHE9468 J<G; K @4:A<9<64G<BA F;BJ87 G;4G 6BEEBF<BA
4GG46>5L ?<DH<7 F@B>86B4:H?4AG #<:HE8 4A7 <GF 9BE@H?4 #<:HE8  J8E8 6?84E?LI<F<5?8 0;86BEEBF<BA 4GG46>
B66HEE87 BAG;8@8G4?FHE9468 J4F@4E>87 5L BE4A:8 EHFG 0;<F EHFG JBH?7 4CC84E <AG;8 4AB78E8:<BA G;4GFG4EG87
J<G; RC<GG<A:S 0;8 @8G4? FHE9468F G;4G 7<E86G?L 6BAG46GJ<G; G;8BK<74AG 6BEEBF<BA@87<4 46GF 4F G;8 4AB78 &G
JBH?7B66HE G;89B??BJ<A:E846G<BA
""/" - 

 
 
0;8 #8 <BAF 9BE@87 4G G;8 4AB78JBH?7 BK<7<M87 GB 9BE@ #8 J;<6; FH5F8DH8AG?L CEB7H68#8, K%0;<F
6B@CBHA7<F >ABJA 4FG;86BEEBF<BA CEB7H6G B9<EBA
#<:  BEEBF<BA4GG46>BA<EBA@8G4? FHE9468 <ACHE8?<DH<7F@B>8FB?HG<BA
6BEEBF<BA
426   Afrizal Vachlepi and Didin Suwardin /  Procedia Chemistry  16 ( 2015 )  420 – 426 
#<:  BEEBF<BA4GG46>BA<EBA@8G4?<A?<DH<7F@B>89BE@H?4FB?HG<BA
 !
0;86BEEBF<BAE4G8B9G;8 ?<DH<7F@B>84A7<GF9BE@H?4J8E8 4EBHA7
@@C8EL84EF BEEBF<BAE8F<FG4A68
B9 <EBA@8G4? <A ?<DH<7 F@B>8 6B4:H?4AGJ4F 64G8:BE<M87 4F:BB7 ?8I8?0;<F 4A4?LF<F <A7<64G87 G;4G ?<DH<7 F@B>8
6B4:H?4AG4A7<GF9BE@H?4;4F I8EL?BJ6BEEBF<I<GL?8I8? 0;8I<FH4?<M4G<BA J<G; K @4:A<9<64G<BA F;BJ87 G;4GG;8
6BEEBF<BA4GG46> J4F 6?84E?L I<F<5?8 BAG;8<EBA@8G4?FHE9468

 474A/G4A74E<F4F<+4F<BA4? 0*!.!*!+*"/&*.1"./+&+B
'4>4EG4
 -/ "/0",+.0%")& (*(5/&/#+.8&-1&!)+'"8),("-/ BEC/<A:4CBE8
 /B?<6;<A	*	! /HJ4E7<A 4A7 146;?8C<-8A:B?4;4A(4E8G?4@/4CG45<A4(4E8G?4@4?4<-8A8?<G<4A
/8@54J4 P -HF4G-8A8?<G<4A(4E8G
 04E<:4A	 "/ (BEBF< 54=4 >4E5BA 7< 74?4@ 5<B78F8? 08F<F*4:<FG8E	 -EB:E4@/GH7<08>A<>(<@<4 &AFG<GHG
08>AB?B:< 4A7HA:
 #BAG4A4	*$ +..+/&+* "*$&*"".&*$ 0".&(/  &"* "*!*$&*"".&*$".&"/ E7"7<G<BA *6$E4J
%<??
&AG8EA4G<BA4?
 146;?8C<	  4A7 * /B?<6;<A C?<>4F< #BE@H?4 F4C  4<E !8BEH5 ( F854:4< -8A::H@C4? )4G8>F 24EG4
-8E>4E8G4A1B?+B@BE C 

  4A<4:B	3 (868C4G4A>BEBF<B?8;54;4AB>F<74AC474C?4G58F<'HEA4?$E47<8A1B?+B C


 *HE455<	) 4A7 /H?<FG<=BAB -8A:4EH;>BAF8AGE4F<?4EHG4A:4E4@G8E;474C?4=H>BEBF<78A:4A@8GB78CB?4E<F4F<
74AH=<>8>8E4F4AF8EG4H=<G8>H>C474C?4G5B7<@B5<?'HEA4? 08>A<>-B@<GF1B?+B C

 /B?<6;<A	 *	  AJ4E 4A7 + 087=4CHGE4 -8A::HA44A 4F4C 64<E !8BEH5 74?4@ C8A:B?4;4A .// 'HEA4?
-8A8?<G<4A(4E8G1B?+B C

$HFG<	!.	%#E<GBA4A: 4A7 M<F-8A:4EH;C8A4@54;4A4F4@FH>F<A4G74?4@@8A:;4@54G>BEBF<54=4
74?4@ ?4EHG4A 4F4@ FH?94G  ;8@ -EB: 1B? +B
;GGC7BJA?B47CBEG4?:4EH74BE:4EG<6?8C;C4EG<6?8I4? 668F87BA *8< C 


*H?<4AG< -8A:8A74?<4A>BEBF<C474>8G8?H4C'HEA4?08>A<>*8F<A1B?+B C 

6BEEBF<BA
